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CLEAN VERSION OF AMENDED CLAIMS 

1, Method • for operating a high-speed continuous casting plant for 
' casting a metallic strand (1.7), in particular, a slab, with 
casting speeds of maximally 10 m/min., comprising an oscillating 
casting mold (1) which comprises oppositely positioned casting mold 
narrows sides (1.2.1, 1.2.2) and faces (1.3.1, 1.3.2), in 
particular comprised of copper plates, wherein molten mass flows 
via a submerged exit nozzle (1.5) or a nozzle from a distributor 
(6) into the casting mold (1) and the distributor (6) comprises a 
movable stopper (6.1) or a slide closure for regulating the 
inflowing molten mass quantity, wherein the method is operated with 
or without casting powder (1.6), 

and wherein for determining the actual casting state the following 
parameters are measured during the casting process (online) : 

meniscus level (9) of the molten mass in the casting mold (1) 

in mm/min. , 

temperature (6.2) of the molten mass in the distributor (6) 
over the casting time, 

actual casting speed in m/min over the casting time, 
wherein furthermore the following is measured: 

stopper or slide closure movement (6.1.1) as a measure for the 
oxidic purity over the casting time, 
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heat flow via the casting mold faces (WF; WL) , 

heat flow via the casting mold narrow sides (NO; ND) in MW/m 2 

over the casting time, 

■ 

and 1 that changes of the actual casting state are determined based 
on the stopper or slide closure movement, the meniscus movement as 
well as the change of the heat flows via the casting mold faces 
over a predetermined time interval, and 

that, should the changes be within a predetermined nominal 
interval, operation is switched to automated casting operation, 
which includes 

comparison of the heat flow ratios of each individual narrow side 
or face for an adjustment of the narrow side conicity, in 
particular, the narrow side copper plate conicity, relative to one 
another for a correction in relation to the heat flows via the 
faces, 

adjustment of a maximum possible casting speed as a function of 
melting temperature in the distributor and the corresponding 
material to be cast 

or that, should the changes of at least one some of or all of the 
parameters for determining the casting state be outside of a 
predetermined nominal interval, a semi-automatic control of the 



angular adjustment of the casting mold narrows sides as well as the 
casting speed is maintained. 

■ 

Method according to claim 1, wherein, after switching has been 
carried out to an automated operation upon surpassing predetermined 
limits of changes of the casting parameters, an alarm (11.2) is 
triggered and operation is switched back to a semi -automated 
operation . 

Method according to claim 1, wherein the dependency of the melting 
temperature in the distributor and the maximum possible casting 
speed is set for each steel group, for example, "low carbon", 
"medium carbon", and "high carbon". 

Method according to claim 1, wherein the heat flows per surface 
unit of the fixed side as well as the loose side of the casting 
mold faces (W) are measured and that the heat flows per surface 
unit of the operating side (NO) and drive side (ND) of the casting 
mold narrows sides are measured, that the changes of the 
respectively measured values are determined over a predetermined 
casting time interval, and, should the changes of at least some of 
the recorded values be within a predetermined limit interval, 
switching to an automated operation is carried out, wherein the 
limit interval is defined by: 

the change of the stopper movement is maximally + 2 mm/time unit, 



...kv., -<!„,)> ai„ J > 4i„.JS ,„ii„ „„w)l \>«.}l .„„>' 



the change of the meniscus level is maximally + 5 mm/time unit, 
the change of the heat flows of the casting mold faces is maximally 
+ 0.10'MW/m 2 absolute and relative to one another, 
■ that the heat flow ratio of the narrow sides to the faces is as 
follows 

0.9 > NO/W, ND/W > 0.4 
after completion of switching to automated operation, 
regulating the angular adjustments of the narrow sides by means of 
controlling the adjusting cylinder so that the ratio of the heat 
flows of the narrow sides over the faces is within the following 
limit interval 

0.8 > NO/W, ND/W > 0.6, 

measuring the actual melting temperature in the distributor, 
controlling the maximum permissible casting speed as a function of 
the melting temperature and the alloy composition. 

5. Method according to claim 4, wherein the correction of the angular 
adjustment of the narrow sides is carried out automatically in 
steps of 0.1 mm/adjusting action. 

6. Method according to claim 1, wherein, in addition to the alloy 
composition, the casting powder is also used as a parameter in the 
control of the maximum permissible casting speed. 
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System for performing the method according to claim 1, which is 
provided in a high-speed continuous casting plant for casting a 
metallic strand (1.7) in particular a slab, with casting speeds of 
maximally 10 m/min . , comprising an oscillating casting mold (1) 
which comprises oppositely positioned casting mold narrows sides 
(1.2.1, 1.2.2) and faces (1.3.1, 1.3.2), in particular comprised of 
copper plates, which can be controlled during casting by means of 
adjusting cylinders (1.2.3) with regard to their conicity, wherein 
molten mass flows via a submerged exit nozzle (1.5) or a nozzle 
from a distributor (6) into the casting mold (1) and the 
distributor (6) has a movable stopper (6.1) or a slide closure for 
regulating the inflowing molten mass quantity, optionally employing 
casting powder (1.6), 

comprising means for measuring the meniscus movement (9), 

a continuous or discontinuous measuring device for measuring the 

melting temperature in the distributor (6.2), 

comprising means for measuring the actual casting speed (1.8) of 
the strand, in particular, the slab, as well as a computing unit 
(10) for determining the changes of the casting process over a 
predetermined casting time interval as well as for comparing the 
changes with predetermined limits (10.1), 
wherein it comprises furthermore the following: 

means for measuring the stopper or slide closure movement (6.1.1), 
means for measuring the face heat flow (7) of the fixed side and 



the loose side, 

means for measuring the narrow side heat flows (8) of the operating 
side and the drive side, 

meahs (1.2.3) for changing the angular position of the conically 
arranged two narrow sides of the casting mold as well as 
means for changing the casting speed, 

wherein the means for changing the angular position of the narrow 
sides as well as the means for changing the casting speed can be 
automatically controlled as a function of the result of the 
computing unit (10) or can be controlled semi - automat i cal ly . 

System according to claim 7, wherein alarm means (11.2) which are 
activated upon surpassing the predetermined limits based on the 
computed changes of the measured values and means for switching 
back the automatic operation to a semi -automated operation. 

System according to claim 7, wherein a joystick (11) is provided as 
an operating means for semi-automatic control of the casting speed 
and/or the angular position of at least one of the two casting mold 
narrow sides (12, 13) . 
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MARKED -UP VERSION OF AMENDED CLAIMS 

Method ■ for operating a high-speed continuous casting plant for 
■ 

casting a metallic strand (1.7), in particular, a slab, with 
casting speeds of maximally 10 m/min., comprising an oscillating 
casting mold (1) which comprises oppositely positioned casting mold 
narrows sides (1.2.1, 1.2.2) and faces (1.3.1, 1.3.2), in 
particular comprised of copper plates, wherein molten mass flows 
via a submerged exit nozzle (1.5) or a nozzle from a distributor 
(6) into the casting mold (1) and the distributor (6) comprises a 
movable stopper (6.1) or a slide closure for regulating the 
inflowing molten mass quantity, wherein the method is operated with 
or without casting powder (1.6), 

and wherein for determining the actual casting state the following 
parameters are measured during the casting process (online) : 

meniscus level (9) of the molten mass in the casting mold (1) 

in mm/min . , 

temperature (6.2) of the molten mass in the distributor (6) 
over the casting time, 

actual casting speed in m/min over the casting time, 
[characterized in that] wherein 
furthermore the following is measured: 

stopper or slide closure movement (6.1.1) as a measure for the 

oxidic purity over the casting time, 
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heat flow via the casting mold faces (WF; WL) , 
heat flow via the casting mold narrow sides (NO; ND) in MW/m 2 
' over the casting time, 
and that changes of the actual casting state are determined based 
on the stopper or slide closure movement, the meniscus movement as 
well as the change of the heat flows via the casting mold faces 
over a predetermined time interval, and 

that, should the changes be within a predetermined nominal 
interval, operation is switched to automated casting operation, 
which includes 

comparison of the heat flow ratios of each individual narrow side 
or face for an adjustment of the narrow side conicity, in 
particular, the narrow side copper plate conicity, relative to one 
another for a correction in relation to the heat flows via the 
faces, 

adjustment of a maximum possible casting speed as a function of 
melting temperature in the distributor and the corresponding 
material to be cast 
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or that, should the changes of at least one some of or all of the 
parameters for determining the casting state be outside of a 
predetermined nominal interval, a semi-automatic control of the 
angular adjustment of the casting mold narrows sides as well as the 
casting speed is maintained. 



Method according to claim 1, 
[characterized in that] wherein , 

after switching has been carried out to an automated operation upon 
surpassing predetermined limits of changes of the casting 
parameters, an alarm (11.2) is triggered and operation is switched 
back to a semi -automated operation. 



Method according to [claim 1 and 2, 
characterized in that] claim 1 , wherein 

the dependency of the melting temperature in the distributor and 
the maximum possible casting speed is set for each steel group, for 
example, "low carbon", "medium carbon", and "high carbon". 



Method according to [one of the claims 1 to 3 , 
characterized in that] claim 1 . wherein 

the heat flows per surface unit of the fixed side as well as the 
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loose side of the casting mold faces (W) are measured and 
that the heat flows per surface unit of the operating side (NO) and 
drive side (ND) of the casting mold narrows sides are measured, 
that the changes of the respectively measured values are 
determined over a predetermined casting time interval, and, should 
the changes of at least some of the recorded values be within a 
predetermined limit interval, switching to an automated operation 
is carried out, wherein the limit interval is defined by: 
the change of the stopper movement is maximally + 2 mm/time unit, 
the change of the meniscus level is maximally ± 5 mm/time unit, 
the change of the heat flows of the casting mold faces is maximally 
+0.10 MW/m 2 absolute and relative to one another, 

that the heat flow ratio of the narrow sides to the faces is as 
follows 

0.9 > NO/W, ND/W > 0.4 
after completion of switching to automated operation, 
regulating the angular adjustments of the narrow sides by means of 
controlling the adjusting cylinder so that the ratio of the heat 
flows of the narrow sides over the faces is within the following 

limit interval 

0.8 > NO/W, ND/W > 0.6, 

measuring the actual melting temperature in the distributor, 
controlling the maximum permissible casting speed as a function of 
the melting temperature and the alloy composition. 
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5. Method according to claim 4, 

[characterized in that] wherein 
■ the' correction of the angular adjustment of the narrow sides is 
carried out automatically in steps of 0.1 mm/adjusting action. 

6. Method according to [one of the claims 1 to 5 , 
characterized in that] claim 1 . wherein, 

in addition to the alloy composition, the casting powder is also 
used as a parameter in the control of the maximum permissible 
casting speed. 

7 . System for performing the method according to [one of the claims 1 
to 6] claim 1 , which is provided in a high-speed continuous casting 
plant for casting a metallic strand (1.7) in particular a slab, 
with casting speeds of maximally 10 m/min., comprising an 
oscillating casting mold (1) which comprises oppositely positioned 
casting mold narrows sides (1.2.1, 1.2.2) and faces (1.3.1, 1.3.2), 
in particular comprised of copper plates, which can be controlled 
during casting by means of adjusting cylinders (1.2.3) with regard 
to their conicity, wherein molten mass flows via a submerged exit 
nozzle (1.5) or a nozzle from a distributor (6) into the casting 
mold (1) and the distributor (6) has a movable stopper (6.1) or a 
slide closure for regulating the inflowing molten mass quantity, 
optionally employing casting powder (1.6), 
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comprising means for measuring the meniscus movement (9), 

a continuous or discontinuous measuring device for measuring the 

melting temperature in the distributor (6.2), 

comprising means for measuring the actual casting speed (1.8) of 
the strand, in particular, the slab, 

as well as a computing unit (10) for determining the changes of the 
casting process over a predetermined casting time interval as well 
as for comparing the changes with predetermined limits (10.1), 
[characterized in that] wherein 
it comprises furthermore the following: 

means for measuring the stopper or slide closure movement (6.1.1), 
means for measuring the face heat flow (7) of the fixed side and 
the loose side, 

means for measuring the narrow side heat flows (8) of the operating 
side and the drive side, 

means (1.2.3) for changing the angular position of the conically 
arranged two narrow sides of the casting mold as well as 
means for changing the casting speed, 

wherein the means for changing the angular position of the narrow 
sides as well as the means for changing the casting speed can be 
automatically controlled as a function of the result of the 
computing unit (10) or can be controlled semi-automatically . 
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System according to claim 7, 
[characterized in that] wherein 

alarm means (11.2) which are activated upon surpassing the 
predetermined limits based on the computed changes of the measured 
values and means for switching back the automatic operation to a 
semi -automated operation. 

System according to [claim 7 or 8 , 
characterized in that] claim 7 , wherein 

a joystick (11) is provided as an operating means for semi- 
automatic control of the casting speed and/or the angular position 
of at least one of the two casting mold narrow sides (12, 13) . 
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Translation of WO 00/74878 (PCT/EP00/05216) with Amended Pages 

and Claims Incorporated Therein 

Method and System for Operating a High-Speed Continuous Casting 

Plant 



The invention relates to a method according to the preamble of 
claim 1 as well as to a system according to the preamble of claim 
7. Particularly for the operation of high-speed plants for slabs 
and, in this connection, particularly in combination with rolling 
mills, it is important to be able to operate the continuous casting 
plant at a high and controlled speed in a safe way. 

This necessity of safety for casting particularly at high casting 
speeds up to 10 m/min. makes it necessary to carry out control of 
numerous processing data, which are intermeshed in a complex 
fashion with one another, by means of automation. 

This automation must be reduced with respect to its external 
operation language to a simple functional language which is easily 
manageable by the operating personnel. 

Moreover, the degree of automation, which in regard to its 
operating language knows only the selection of casting speed and 
the control all of the narrow side heat flow at the operator (NO) 
or drive (ND) side, should provide the possibility of operation by 
autopilot when certain conditions such as 

- a controlled steel temperature in the distributor 

- a good oxidic purity of the steel 
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- a calm meniscus as well as 

- a constant and uniform heat flow of the faces 

■ • 

are present. 

The prior art discloses the measuring of the heat flows of all four 
copper plates of a slab casting mold (DE 4117073) but in this 
patent document no prior art as a function of the casting speed is 
disclosed. For example, a speed increase has a minimal effect on 
the casting mold stress, expressed as MW/m 2 , and a great effect on 
the strand shell stress expressed as MWh/m 2 . 

Figure 1 shows this correlation and illustrates that at high 
casting speeds, when using casting powder and a certain castings 
speed of, for example, > 4.5 m/min., the casting mold stress 
remains almost constant and the strand shell stress is greatly 
reduced. The reason for this is that at high casting speed a 
constant slag film and thus a constant heat transfer occurs but a 
residence time of the strand shell within the casting mold 
decreases proportionally to the casting speed increase. This 
illustration makes clear that with increasing casting speed the 
casting mold stress no longer increases and the casting shell 
stress decreases so that the risk of fracture formation is reduced 
but also the casting shell becomes thinner and hotter, for example, 
at the end of the casting mold. 

In Figure 2, the interrelationships are represented between 
casting slag film, 

the strand shell temperature, for example, at the exit of the 
casting mold, strand shell thickness, and shrinkage, 
casting mold and strand shell stresses or shrinkage, 
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maximum casting mold skin temperature at the meniscus and thus 
of the casting mold service life in relation to the re- 
crystallization temperature which results in softening of the 
i ■ 

. cold-rolled copper. 

US _ A _ 3 4 78 8 o8 discloses a method for controlling the parameters of 
a continuous casting plant for casting steel. Nominal values of 
parameters, which have been taken from a previous casting process, 
are stored; actual values of the parameters are recorded, an 
adjustment of the actual and nominal values is carried out, and a 
control of the parameters is performed. The disclosed parameters 
are inter alia the flow speed, the heat removal rate within the 
casting mold and the removal speed. 

Based on this, it is an object of the invention to further develop 
a method and a system for performing the method for a controlled 
operation of a continuous casting plant for casting slab, in 
particular, thin slab, with very high casting speeds. 

This object is solved with the method according to the features of 
claim 1 and a system with the features of claim 7. Advantageous 
embodiments are disclosed in the dependent claims. 

An automation of the continuous casting process based on an 
"online" data acquisition is made possible which enables in 
addition to 

a semi-automation, i.e., the control of the narrow side 
conicity and the casting speed, also 

a full automation in the sense of an autopilot operation 
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with consideration and as a function of the steel temperature in 

the distributor and with the prerequisite of a controlled 
■ i 
t ■ 

, purity, 
meniscus, and 
- face heat flow. 

This object is solved by the features of the method claim 1 and the 
device claim with their dependent claims for configuring the 
invention . 

The Figures are provided as examples for illustrating the invention 
and are described in the following. It is shown in: 

Figure 1 the casting mold and strand shell stress as a function of 

the casting speed 
Figure 2 the interrelationships between the casting speed and 

the slag film thickness 

the strand shell temperature, shrinkage as well as 
trend shell thickness at the exit of the casting 
mold, 

casting mold and strand shell stress as well as 
shrinkage, 

- temperature stress of the copper plates at the 
meniscus as well as service life of the copper 
plates relative to the recrystallization 
temperature of the cold-rolled copper plate. 

The Figures 1 and 2 have already been described in detail as prior 
art and are provided for a better understanding of the following 
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description which is not to be viewed as being obvious to a person 
skilled in the art and thus includes an inventive step. 

Figure 3 ■ illustrates 

a) a slab casting mold (1) with (1.1) and without 
pouring hopper and in regard to its conicity and 
adjustable narrow sides (1.2) as well as submerged 
exit nozzle (1.4) and casting powder 

b) the casting mold stress, expressed as MW/m2 for 
faces (WL) and (WF) as well as for the narrow sides 
(ND) and (NO) over the casting time and 

c) the relationship of the heat flows from the faces 
to the narrow sides, expressed as NO/WL, NO/WF and 
ND/WL, NO/WF, which describe the course of the heat 
flows more simply and facilitate their correction 
over the conicity adjustment during casting. 

Figure 4 shows the casting situations A, B, C with the aid of 

a) the heat flows, expressed as MW/m 2 or 

b) the relationship of the heat flows ND/WF, ND/WL and 
NO/WF, NO/WL, which experience a correction by 
adjustment of the narrow sides in their conicity 
from the position 0 to the position 1. 

Figure 5 illustrates the temperature course of molten masses in 

the distributor over a casting time of one hour. 

Figure 6 illustrates the casting window defined by the steel 

temperature in the distributor and the casting speed with 
exemplary temperature courses of different molten masses. 
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Figure 7 illustrates the data acquisition and the control circuit 

in the area of the continuous casting plant with the 
' , input of limits for the control and regulation of the 
■ narrow side conicities and the maximum casting speed as 
a function of the steel temperature in the distributor. 

Figure 3 is comprised of the partial Figures a) , b) , and c) . 
Figure 3 a) illustrates schematically a slab or bloom casting mold 

(1), comprised of two individual narrow sides (1.2), which are 
provided at the operating side (1.2.1) (NO) and drive side (1.2.2) 

(ND) with adjusting cylinders (1.2.3), and two faces (1.3), 
respectively, the backside (1.3.1) (WF) , and the loose side (1.3.2) 

(WL) . 

The casting mold (1) furthermore can advantageously be provided 
with a pouring hopper (1.1). The liquid steel (1.4) is introduced 
through the submerged exit nozzle (1.5) below the bath level 
(1.7.2) in the casting mold when using a casting powder (1.6) with 
formation of casting slag (1.6.1) and a casting slag film between 
the casting mold (1) and the strand shell (1.7.1), which is 
provided for lubrication and heat flow control. 

Figures 3 b) and c) show the specific course of heat flow in MW/m 2 
of the faces WF, WL (1.3.2) and the narrow sides NO (1.2.1), NO 
(1.2.2) in the normal, uneventful casting process, wherein the 
casting time from the beginning to the time tx at which the steel 
is within temperature equilibrium. The narrow side flows must have 
over the conicity adjustment of the narrow sides a ratio to the 
faces of < 1 which must be maintained constant over the casting 
time . 
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Different slag films formed across the strand circumference, 
especially between the faces and the narrow sides, different 
casting speeds, different steel temperatures, non-uniform flow 
conditions in the left and the right half of the casting mold, a 
deflection of the slab from the strand center axis in the casting 
direction can cause deviations in regard to the specific heat 
dissipation . 

These deviations are illustrated in Figure 4 with the aid of three 
typical situations A, B and C (Figure 4) by means of the specific 
heat flows, expressed as MW/m 2 in Figure 4 b) and as a heat flow 
ratio narrow side/faces (N/W) in Figure 4 c) . 

In the situation A, the heat flow of the narrow side deviates at 
the drive side (ND) (1.2,2) from that of the narrow side at the 
thickness side (NO) (1.2.1) by a heat flow that is too small. With 
a greater adjustment of the conicity at the narrow side from 
position 0 to position 1, the heat flow is adjusted to that of the 
narrow side (NO) . 

In the situation B, the heat flows of both narrow sides are too 
great in comparison to the faces. By reducing the' conicity 
adjustment of both narrow sides from the position 0 to the position 
1, the heat flows are brought into the correct ratio relative to 
the faces. 

In the situation C, the heat flows of the narrow sides are too 
small and can be adjusted to the correct value relative to the 
faces by a simultaneous enlargement of the narrow side conicity 
from the position 0 to the position 1. 
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Figure 5 represents the temperature course of numerous molten 
masses over a time period of approximately 1 hour in the 
distributor. ' It can be seen that, for example, in these ladles 
with, a molten mass contents of approximately 180 t the steel 
temperature drops by approximately 5 °C/hour. This drop of the 
steel temperature in the distributor can be kept relatively small 
and depends substantially on 

the residence time of the steel in the distributor, i.e., the 
casting output and 

the insulation of the distributor. 

The absolute temperature with which the steel flows into the 
distributor is predetermined by the continuous casting operation, 
is adjusted by the steel mill and depends on, for example, 

ladle transport times, 

ladle age and 

ladle lining, 

which result often in deviations from the nominal temperature 
because of an uncontrolled operation process. 

Figure 6 represents the casting window defined by the steel 
temperature in the distributor and the maximum possible casting 
speed. 

The casting window (4) is defined by an upper (3.0) and a lower 
(3.1) temperature limit. Moreover, in addition to the steel 
temperature in the casting mold (3.3), the area of the liquidus 
temperature (3.4) of, for example, low-carbon steel qualities, is 
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illustrated. The steel temperature in the casting mold increases 
for a constant steel temperature in the distributor with 
greater distributor volume, 
. improved distributor insulation, 
use of magneto-electro brake in the casting mold. 

The Figure 6 represents three molten masses with different 
distributor temperatures and thus different maximum possible 
casting speeds, but, for example, identical temperature loss of 5 
°C/hour . 

In detail, these three situation in the casting window (4) are as 
follows . 

In the case (4.1), the steel temperature at the start of casting is 
1,570 °C and makes possible a maximum casting speed (1.8) of 4.0 
m/min., and after 1 hour casting time at the end of the ladle 
casting time the steel temperature of 1,565 °C allows for a maximum 
casting speed of 4.5 m/min. 

In the case (4.2), the steel temperature in the distributor at the 
start of casting of the melt is 1, 560 °C and at the end of casting 
1,555 °C which makes possible a maximum casting speed of 5.0 m/min. 
and of 5.85 m/min. at the end of casting. 

In the case (4.3), the temperature is 1,550 °C and makes possible 
a casting speed of 7.2 m/min. and at the end of casting, with a 
temperature of 1,545 °C, a casting speed of > 8m/min. The speed of 
a maximum of 8 m/min. can be adjusted when reaching a temperature 
of approximately 1,548 °C. 
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Figure 7 illustrates the configuration of a semi-automation or a 
full automation/autopilot for casting in a high speed plant. 

The device is comprised of a steel ladle (5), a distributor (6) 
with a stopper or slide closure (6.1) as well as a discontinuous or 
continuous temperature measurement in the distributor, a continuous 
casting plant with oscillating casting mold (1) and adjustable 
narrow sides (12) as well as removal rollers (6.3) which are driven 
by a motor (6.3.1) and which remove the strand at a controlled 
casting speed (1.8). 

The following data acquisition is required for a full 
automation/autopilot : 

- temperature measurement of the steel in the distributor (6.2) 
m C; 

stopper movement or slide movement (6.1.1) in dy/dt; 
heat flow measurement of the faces (7) in MW/m 2 ; 
heat flow measurement of the narrow sides (8) in MW/m 2 ; 
stopper movement 

movement of the meniscus (9) in dx/dt; and 
actual casting speed (1.8) in m/min. 

These data are compared in an online computer (10) with the limits. 
With preconditions such as 

a stopper movement of dy/dt of + 0, i.e., a "clean steel" 
which does not lead to a significant oxidic deposition within 
the SEN as well as to no stopper and SEN erosion, 
a constant heat flow, within the faces at constant casting 
speed with a tolerance of a maximum of 0.1 MW/m 2 over the 
casting time and relative to one another, 
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a meniscus movement of a maximum of ± 5 mm for a casting time 
of 60 seconds, 

a heat flow ratio of the narrow sides to the faces of > 0.9 
, and ■< 0.4 

the system interface (11) in the form of a "joystick" having the 
four functions 

+/- casting speed and 

+ /- taper for the individual narrow sides 

and representing a semi-automation, can be switched to full 
automation or the status of autopilot in an operatively safe and 
thus breakout-free way (< 0.5 percent). 

The full automation corrects with the casting operation the 
conicity adjustments of each individual narrow side based on the 
heat flow ratios between the narrow sides and the faces outside of 
a narrow side/faces ratio of, for example, 



0.8 > N > 0.5. 
W 



and automatically adjusts the maximum possible casting speed which 
is possible as a result of the steel temperature in the distributor 
and the provided equation. 

The invention makes possible a reproducible operation of the 
continuous casting plant with maximum possible productivity and 
controlled strand quality while avoiding breakout. 
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List of Reference Numerals 

(1) ' slab casting mold with oscillation 

(1.1.) • hopper 

(1.2) narrow sides of casting mold 

(1.2.1) narrow side of the operator side (NO) 

(1.2.2) narrow side of the drive side (ND) 

(1.2.3) adjusting cylinder 

(1.3) faces 

(1.3.1) face, fixed, or backside, WF 

(1.3.2) face loose side or backside, WL 

(1.4) liquid steel 

(1.5) submerged entry nozzle, SEN 

(1.6) casting powder 

(1.6.1.1) casting slag film between casting mold and strand shell 

(1.7) strand 

(1.7.1) strand shell 

(1.7.2) meniscus 

(1.8) casting speed, V c 

(1.8.1) casting time t x , after which the steel temperature is in 

equilibrium with the distributor 

(3) upper temperature limit 
(3.1) lower temperature limit 

(3.3) steel temperature in the casting mold 

(3.4) area of the liquidus temperature of "low carbon" steel 

qualities 

(3.5) causes of an increase of the steel temperature in the 

casting mold at controlled temperature of the steel in 
the distributor inlet 

(4) casting window with three molten masses of different 

temperatures in the distributor and identical temperature 
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loss of 5 °C/hour in the casting window of steel 
temperature/ casting speed 

(4.1) ' situation 1 with a molten mass which results in a steel 

• temperature in the distributor of 1,570 °C at the start 
of casting and 1, 565 °C at the end of casting and allows 
for a casting speed of 4.0 and a maximum of 4.5 m/min. 

(4.2) situation 2 with a molten mass which results in a steel 

temperature in the distributor of 1, 560 °C at the 
beginning of casting and 1,560 °C at the end of casting 
and allows a casting speed of 5.0 and a maximum of 5.85 
m/min 

(4.3) situation 3 with the molten mass results in a steel 

temperature in the distributor of 1,500 °C at the start 
of casting and 1, 545 °C at the end of casting and allows 
a casting speed of 7 . 0 and > 8.0 m/min 

(5) steel ladle 

(6) distributor 

(6.1) stopper or slide closure 
(6.1.1) stopper or slide movement 

(6.2) discontinuous or continuous temperature measurement of 

the steel in the distributor 

(6.3) driven removal rollers 
(6.3.1) drive motor 

(7) heat flow measurement in MW/m 2 of the faces 

(7.1) faces of the backside, fixed side WF 

(7.2) faces of the loose side, WL 

(8) heat flow measurement in MW/m2 of the narrow sides 

(8.1) heat flow measurement of the operator side (NO) 

(8.2) heat flow measurement of the drive side (ND) 

(8.3) heat flow ratio narrow sides/faces 

(8.3.1) heat flow ratio operator-narrow side/faces (NO, NO) 
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(WL WF) 

(8.3.2) . heat flow ratio drive narrow side/faces (ND, NO) 

(WL WF) 

(9) meniscus movement dx/dt 

(10) online computer 
(10.1) limits 

(11) system interface "joystick" 

(11.1) full automation/autopilot status 

(11.2) alarm for taking over in semi-automation 
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Claims 

1. Method for operating a high-speed continuous casting plant for 
.casting a metallic strand (1.7), in particular, a slab, with 
casting speeds of maximally 10 m/min., comprising an 
oscillating casting mold (1) which comprises oppositely 
positioned casting mold narrows sides (1.2.1, 1.2.2) and faces 
(1.3.1, 1.3.2), in particular comprised of copper plates, 
wherein molten mass flows via a submerged exit nozzle (1.5) or 
a nozzle from a distributor (6) into the casting mold (1) and 
the distributor (6) comprises a movable stopper (6.1) or a 
slide closure for regulating the inflowing molten mass 
quantity, wherein the method is operated with or without 
casting powder (1.6), 

and wherein for determining the actual casting state the 
following parameters are measured during the casting process 
(online) : 

meniscus level (9) of the molten mass in the casting mold 
( 1 ) in mm/ min . , 

temperature (6.2) of the molten mass in the distributor 
(6) over the casting time, 

actual casting speed in m/min over the casting time, 
characterized in that 

furthermore the following is measured: 

stopper or slide closure movement (6.1.1) as a measure 
for the oxidic purity over the casting time, 
heat flow via the casting mold faces (WF; WL) , 
heat flow via the casting mold narrow sides (NO; ND) in 
MW/m 2 over the casting time, 
and that changes of the actual casting state are determined 
based on the stopper or slide closure movement, the meniscus 
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movement as well as the change of the heat flows via the 
casting mold faces over a predetermined time interval, and 

r i 
, i 

, that, should the changes be within a predetermined nominal 
interval, operation is switched to automated casting 
operation, which includes 

comparison of the heat flow ratios of each individual narrow 
side or face for an adjustment of the narrow side conicity, in 
particular, the narrow side copper plate conicity, relative to 
one another for a correction in relation to the heat flows via 
the faces, 

adjustment of a maximum possible casting speed as a function 
of melting temperature in the distributor and the 
corresponding material to be cast 

or that, should the changes of at least one some of or all of 
the parameters for determining the casting state be outside of 
a predetermined nominal interval, a semi-automatic control of 
the angular adjustment of the casting mold narrows sides as 
well as the casting speed is maintained. 

2. Method according to claim 1, 
characterized in that, 

after switching has been carried out to an automated operation 
upon surpassing predetermined limits of changes of the casting 
parameters, an alarm (11.2) is triggered and operation is 
switched back to a semi-automated operation. 



3. Method according to claim 1 and 2, 

16 



characterized in that 

the dependency of the melting temperature in the distributor 
and the maximum possible casting speed is set for each steel 
.group, for example, "low carbon", "medium carbon", and "high 
carbon" * 

Method according to one of the claims 1 to 3, 
characterized in that 

the heat flows per surface unit of the fixed side as well as 
the loose side of the casting mold faces (W) are measured and 
that the heat flows per surface unit of the operating side 
(NO) and drive side (ND) of the casting mold narrows sides are 
measured, 

that the changes of the respectively measured values are 
determined over a predetermined casting time interval, and, 
should the changes of at least some of the recorded values be 
within a predetermined limit interval, switching to an 
automated operation is carried out, wherein the limit interval 
is defined by: 

the change of the stopper movement is maximally ± 2 mm/time 
unit, 

the change of the meniscus level is maximally + 5 mm/time 
unit, 

the change of the heat flows of the casting mold faces is 
maximally ±0.10 MW/m 2 absolute" and relative to one another, 
that the heat flow ratio of the narrow sides to the faces is 
as follows 

0.9 > NO/W, ND/W > 0.4 
after completion of switching to automated operation, 
regulating the angular adjustments of the narrow sides by 
means of controlling the adjusting cylinder so that the ratio 
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of the heat flows of the narrow sides over the faces is within 
the following limit interval 

0.8 > NO/W, ND/W > 0.6, 

i 

■ 

measuring the actual melting temperature in the distributor, 
controlling the maximum permissible casting speed as a 
function of the melting temperature and the alloy composition. 

Method according to claim 4, 
characterized in that 

the correction of the angular adjustment of the narrow sides 
is carried out automatically in steps of 0.1 mm/adjusting 
action . 

Method according to one of the claims 1 to 5, 
characterized in that, 

in addition to the alloy composition, the casting powder is 
also used as a parameter in the control of the maximum 
permissible casting speed. 

System for performing the method according to one of the 
claims 1 to 6, which is provided in a high-speed continuous 
casting plant for casting a metallic strand (1.7) in 
particular a slab, with casting speeds of maximally 10 m/min., 
comprising an oscillating casting mold (1) which comprises 
oppositely positioned casting mold narrows sides (1.2.1, 
1.2.2) and faces (1.3.1, 1.3.2), in particular comprised of 
copper plates, which can be controlled during casting by means 
of adjusting cylinders (1.2.3) with regard to their conicity, 
wherein molten mass flows via a submerged exit nozzle (1*5) or 
a nozzle from a distributor (6) into the casting mold (1) and 
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the distributor (6) has a movable stopper (6.1) or a slide 
closure for regulating the inflowing molten mass quantity, 
optionally employing casting powder (1.6), 
•comprising means for measuring the meniscus movement (9), 
a continuous or discontinuous measuring device for measuring 
the melting temperature in the distributor (6.2), 
comprising means for measuring the actual casting speed (1.8) 
of the strand, in particular, the slab, 

as well as a computing unit (10) for determining the changes 
of the casting process over a predetermined casting time 
interval as well as for comparing the changes with 
predetermined limits (10.1), 
characterized in that 

it comprises furthermore the following: 

means for measuring the stopper or slide closure movement 
(6.1.1) , 

means for measuring the face heat flow (7) of the fixed side 
and the loose side, 

means for measuring the narrow side heat flows (8) of the 
operating side and the drive side, 

means (1.2.3) for changing the angular position of the 
conically arranged two narrow sides of the casting mold as 
well as 

means for changing the casting speed, 

wherein the means for changing the angular position of the 
narrow sides as well as the means for changing the casting 
speed can be automatically controlled as a function of the 
result of the computing unit (10) or can be controlled semi- 
automatical ly . 



System according to claim 7, 
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characterized in that 

alarm means (11.2) which are activated upon surpassing the 
predetermined limits based on the computed changes of the 
.measured values and means for switching back the automatic 
operation to a semi-automated operation. 

9. System according to claim 7 or 8, 
characterized in that 

a joystick (11) is provided as an operating means for semi- 
automatic control of the casting speed and/or the angular 
position of at least one of the two casting mold narrow sides 
(12, 13) . 
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(54) Bezeichnung: AUTOMATISIERUNG EINER HOCHGESCHWINDIGKEITS-STRANGGIESS ANLAGE 



(57) Abstract: The invention relates to a method for 
automatically operating a high-speed continuous casting 
plant According to said method, the stopping or slide 
movement, the modification of the steel level, the 
heat currents through the mold walls, the temperature 
of the liquid metal and the drawing-ofT speed are 
measured over the casting time, supplied to a computer 
and compared with predetermined limit values for an 
automatic operating mode. 

(57) Zusammenfassung: Verfahren zum automatischen 
Betreiben einer Hochgeschwindigkeits- Stranggiess- 
anlage, bei dem die Stopfen- oder Schieberbewegung, 
die Veranderung der Badspiegelhohe, die Warmestrome 
durch die Kokillenwande, die Temperatur des flussigen 
Metalls und die Abzugsgeschwindigkeit iiber die 
Giesszeit gemessen, einem Rechner zugefuhrt und 
mit vorgegebenen Grenzwerten fiir eine automatische 
Betriebsweise verglichen werden. 
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specification, including the claims, as amended by any amesndmant referred to above. 
We acknowledge the duty to disclose information which is material to the exaaninatian of 
this application in accordance with Title 37, Code of federal Regulations, §1.56 (a) . 

We hereby claim foreign priority benefits under Title 35, United States Oode, §119 of any 
foreign application (s) for patent or inventor's certificate or of any PCT international 
application (s) designating at least one country other than the United States of America 
listed below and have also identified below any foreign application (s) for patent or 
inventor' b certificate or any PCT international application (s) designating at least one 
country other than the United States of America filed by me on the same subject matter 
having a filing date before that of the application (s) of which priority is claimed; 



PRIOR FCREIGM/PCT APPLICATIONS) AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. 119; 


COUNTRY 
(if PCT, indicate PCT) 


APPLICATION NIMHER 


DATS OF FILING 
(day, wonth, year) 


PRIORITY CLAIMED 
UNDER 35 USC 119 


GEMOT 


199 25 713.2 


7 JUoe 1999 


_ — . — . 
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loootolaed Declaration For Sweat Upplicatico and Fewer of Attorney (Coated) 

1 /irjcliiJes Reference to PCT International AfplicatxanS) 


Docket No. 1 

HM-463 


We hereby- rAainv the benefit under Title35 United States ^^^^J^ 
States application Cs) or PCT international ' tt^^S^t natter of each 
States of Arerica that is/are listed ^ ^eTiS a^icatian (c ) 
of the claims of t^applicatxcn is "^^^^^^e^tefoode. §112, 
in the wanner provided by the first paragt«th ot V***J*' « ^ 37 qtIp 
we acknowledge the duty of disclose .^t^L^^^fSnTiS 5 the prior 
of Federal Regulations, 51.56(a) which ^fured l^ing oa^ ^ ica ^ ian; 
1 aDDlication(s) and the national or PCT intemation filing date ot tms a»i 


PKEOR U.S. APPLICATIONS OR PCT imKKNAllCMAL APPLICATI 
BENEFIT ONCER 35 U.S.C. 120: 


(KS DESIGNATING THE O.S. FOR 


1 D.S. APPLICATIONS 




TESfCUUC € 


WB) J 


| o.s. APPLICATION NUMBER 


U.S. FIIJN3 DATE 


PAIENTED 


PENDHSG 


ABANDONED 






















1 PCT APPLICATIONS DBS! 


LORXIIKj XBB U.S. 








PCT APPLICATION NO. 


PCT FILING DWE 


U.S. SERIAL MD. 





















POKER op attorney. - As a named inventor, I hereby appoint the following attorney (s) 
^^r^xSttsTto prosecute this application and transact all business in the Patent 
^TraSSrji OfXcI^S^ted thertSth. float name and registration number; 

gpnzf» TTTf KHEFFNH*, WD. 29,4S2 



Send Correspondence to: 



342 ^iscN_MB*n&,_9ar rE 1921 
new ne wer nr. y. 10173 



Direct: Telephone Calls to: 



fULL NAME 
OF INVENTOR 



RESIDENCE & 
CITIZENSHIP 



Family Name 



Plesdhiutschniqg 



City 



POST OFFICE 



Duii 



flyst Office Address 

69 



First Given /fame 



fftate Or FV-aneign QjLgifcrv 



Cfty 



47269 Duiriburg 



fteocBid Given Name 



ritiz ^nstiiv 



fffrf * Zip a**? 



CTO-U91 flfeDV 10-flJ) 



ccnqkcS - Pac«« and 



30/04/2002 



14:37 



PATENT ANUJaLTE SIEGEN ■> Bill 773 



IS 'uJ3 

f !> ■>! V , 'J ~t 



j nil,, " " ■' 



Fawixt Application and Power of Attorney (Omtinufid) 



includes Terence to PCT xntrernaticgial ^plicacions; 



Docket No. 
HM-463 



FULL NAME 
OF INVENTOR 



RESIDENCE & 
CITIZENSHIP 



POST OFFICE 
ADDRESS 



Feldbaiis 



ftygf: Of fin * ArHress 

46 



FULL NAME 
OF INVENTOR 



RESIDENCE & 
CITIZENSHIP 



POST OFFICE 
ADDRESS 



KaraQyr Name 



City 



ftpgt Office g^gss 



Posts trasse 41 



st g eb a a 



grate Or FtoexflEB Qauntry 



City 

40237 DOsselxtarf 



ffprand Gjvm Mane 



ritlzenshiv 



pr^r^ & Zip C&fe 



FULL NAME 
OF INVENTOR 




Parsebat 


RESIDENCE & 
CITIZENSHIP 


Ratiagea ,==-. >c 


POST OFFICE 
ADDRESS 


n^r offine Address 


to der Dellen 2a 



First Given Name 



fflate Or Fforeiqn C btmtry 
Geoany 



City 
40885 



feaond Gi v^n .Name 



rinizenship 



ff qate & Zip Cbde 



Rtate Or Foreign Chantry 



City 
46509 



rA r^zetishiv 



grxr* A Zip Cbde 



U.S. CGPftBSMBir OP OCHSBKCS 



Germany 



- futon: artd 
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FULL NAME 
OP INVENTOR 



Family Name , 



TOJoe 



Firet given iferre 



£eaand Given Name 



RESIDENCE & 
CITIZENSHIP 



State Or ftareign Qxmtry 



Citizenship 



Germany 



POST OFFICE 
ADDRESS 



City 



State & Zi p Cbde 



Laogcbaxdenatraaae 57 



45665 Recklinghausen 



Germany 



FULL NAME 
OF INVENTOR 



RESIDENCE & 
CITIZENSHIP 



POST OFFICE 
ADDRESS 



Family Name 



Oar 

Cm 



13 M 



Post Office &&r?$$ 



108 Aflhlelgh Court, 



fiix gt Given Dfr re 



Robert 



Second Given Akme 



State Or foreign Country 



Great Britain 



Victor 



Citizenship 



Germany 



fftflfr? & Zip (fafe 



FULL NAME 
OF INVENTOR 

*7 - cz>c^ 



family fl&me 



Firse Given Items 



Rolf -Peter 



Seoand Given Name 



RESIDENCE & 
CITIZENSHIP 



City 



State Or Foreign Country 
any 



£i£izmship 



Gemany 



POST OFFICE 
ADDRESS 



ftast Office Address 



City 



State & Zip Code 



Dr. Schmz-Strasoe 8 



09526 Olbeoihau 



Germany 



«t>-U91 (CSV. 10-63) 



0$. 
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Ocnfoinod Declaration For Parent Application and Power of Attorney (Continued) 

(includes deference tx> fCT International Applications) 


-a. us^^s — 
Docket No. 

HM-463 


* * * . 

We her*/ declare that all statements made herein of my own knowledge are true and that 
all statements made an information and belief are believed to be true; and further 
that these statements were trade with the knowledge that willful false statements and 
the like so made are punishable by fine or xnprisonment, or both, under section 1001 
of Title 18 of the United States Code, and that such willful false statements way 
jeopardize the validity of the application or any patent issued thereon. 


y^XomvRE op mv&mn 201 


SHSVmiRE OF INVENTOR 202 


SIGNATURE OF INVENTOR 203 




DATE 

r 


y 




SI&WURE OF INVENKR 204 


SlGtSWXE OF mVEMXM 205 


\ SIGNATURE OF J3WENTOR 206 










SH3W21RE OF XNVEtTTCR 207 






DATE { 







PTO U91 (REV. 10-831 



u.s. raxwarmr a* oo«brch - patent ^ •m&aroxw o££io» 
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